Oxygen sensitivity of a nitrogenase-like protochlorophyllide reductase from the cyanobacterium Leptolyngbya boryana.
Dark-operative protochlorophyllide (Pchlide) oxido-reductase (DPOR) is a nitrogenase-like enzyme that catalyzes Pchlide reduction, the penultimate step of chlorophyll a biosynthesis. DPOR is distributed widely among oxygenic phototrophs such as cyanobacteria, green algae and gymnosperms. To determine how DPOR operates in oxygenic photosynthetic cells, we constructed two shuttle vectors for overexpression of Strep-tagged L-protein (ChlL) and Strep-tagged NB-protein (ChlN-ChlB) in Leptolyngbya boryana (formerly Plectonema boryanum) and introduced them into mutants lacking chlL and chlB. Both transformants restored the ability to produce chlorophyll in the dark. The DPOR activity was reconstituted by L-protein and NB-protein purified from the transformants under anaerobic conditions. L-protein activity disappeared within 5 min of exposure to air while NB-protein activity persisted for >30 min in an aerobic condition, indicating that the L-protein of DPOR components is the primary target of oxygen in cyanobacterial cells. These results suggested that the DPOR from an oxygenic photosynthetic organism did not acquire oxygen tolerance during evolution; but that the cyanobacterial cell developed a mechanism to protect DPOR from oxygen.